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PAPERS AND ORIGINALS

Reduced Secretory Antibody Response to Live Attenuated
Measles and Poliovirus Vaccines in Malnourished Children*
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Summary

Serum and nasopharyngeal IgA antibody levels were

estimated in 20 malnourished children and 20 matched
healthy controls after immunization with a single dose
of live attenuated measles or poliovirus vaccine. Sero-
conversion and serum neutralizing antibody titres were

comparable in the two groups. Secretory IgA antibody
was detected significantly less often in undernourished
children; the time of its first appearance was delayed-
and its maximum level was significantly lower. Impaired
secretory antibody response in malnourished children
may contribute to slow inadequate recovery from viral
and enterobacterial infections and predispose to life-
threatening complications.

Introduction

Malnutrition and infection often coexist and augment each other.
In undernourished people the immune defence mechanisms
are significantly impaired;' they may have lymphopenia,2
depressed cell-mediated immunity,'5 low levels of serum

siderophilin,8 polymorphonuclear leucocyte dysfunction, °0
reduced carbon clearance by macrophages,15 and complement
defects.2 12 13

For many infections which often affect malnourished children
and are associated with much morbidity, severe complications,
and high mortality-such as viral and enterobacterial diseases-
recovery and immunity to infection on subsequent exposure

depend largely on antibody response in external secretions.

*This paper was presented at the 2nd International Congress of Immunology,
Brighton, July 1974.

Moreover, the effectiveness of certain vaccines, both viral and
bacterial, depends mainly on inducing local mucosal response

rather than serum antibody production. There are no reports

of the assessment of local immunity in malnutrition.

Patients and Methods

In 20 boys, aged 1-4 years, malnourishment was diagnosed on

the basis of a history of reduced dieitary intake, loss of sub-
cutaneous tissue, and hair changes. Weight and height were

50-70 0, of the mean on reference growth charts. No child had
significant infection at the time of immunization. Twenty age-and-
sex matched healithy childiren served as controls.
Immunization.-A single dose of trivalent live attenuated polio-

virus vaccine (Haffkine Institute) containing 105 median tissue-
culture infective dose (T.C.I.D.) of the virus was given by mouth
to 10 seronegative cihildren in each group. Another 10 mal-
nourished patients and 10 healithy controls received one dose of

live attenuated measles virus vaccine (Merck, Sharp, and Dohme)
subcutaneously.
Specimens.-Samples of serum and nasopharyngeal secretions

were obtained each week in the first month after immnunization
and every two weeks in the second month. Nasopharyngeal
secretionis were obtained by instiHling 5 ml of sterile 09 % saline
into each naris and immediate suction with a polyethylene nasal
catheter attached ito an aspirator bulb. Samples were kept at
-20' C and processed by the method of Ogra et al.14
Antibody Tests.-Neu,tralizing antibody titres were estimated by

standard endpoint tube-dilution methods in monkey-kidney cell
cultures using about 100 T.C.I.D..,o of the virus with incubation
for 60 minutes at room temperature.15 Antibody activity in various
immunoglobulin classes was measured by radioimmunodiffusion
and autoradiography. Antisera (Behringwerke) were absorbed and
tested to be monospecific against heavy-chain determinants. The
anitserum for IgA antibody estimation in nasopharyngeal washings
was specific for the secretory component. Virus grown in primary
rhes,us-monkey kidney cell cultures was radiolabelled with 32P-
sodium phosphate, harvested, and concentrated by ultracentrifuga-
tion. Ainbender et al.'s ]6 method as modified by Ogra et al.'4 was

used for the immunoglobulin class-specific antibody activity.
Proteins and Immunoglobulins.-Total protein was determined

by the biuret method. Albumin and IgA, IgG, and IgM were

measured by radial immunodiffusion using monospecific antisera

raised in rabbits. The antiserum against IgA was specific for the

secretory component.
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Statistical Analysis.-Differences between the data for mal-
nourished and healthy groups were analysed by Student's t test
for antibody titres and by the x2 test for seroconversion.

Results

Total protein and albumin concentrations were slightly lower in
malnourished children (table I) but the differences from control
values were not statistically significant. IgA was significantly re-
d,uced in the nasopharyngeal secretions of malnourished patients.

TABLE I-Mean Levels of Total Proteins, Albumin, and IgA in Nasopharyngeal
Secretions

BRITISH MEDICAL JOURNAL 14 JUNE 1975

significantly lower in those with malnutrition (P<001). Three
patients showed nasopharyngeal antibody activity in the IgG class
in low titres (maximum 1/2).

TABLE III-Mean Serum Neutralizing Measles Antibody Titres (Log-2) after
Single Subcutaneous Dose of Live Attenuated Vaccine in Malnourished and
Healthy Children. Figures in Parentheses Show Number Positive for Antibody
out of Total Number Tested

Interval After Immunization (Weeks)

0 1 2 3 4 6 8

Malnourished <3(0/10) 3 5 (8/9) 5(8/8) 6(9/9) 6(10/10) 7(7/7) 75 (9/9)
Healthy .. <3(0/10)|3 5 (8/8) 4-5 (7/7) 6 (5/5) 7 (8/8) 8 (8/8) 7-5 (8/8)

Seroconversion after poliovirus vaccine was achieved in eight
out of 10 malnourished children and in all the ihealthy controls
(table II). There was a slight difference in the serum antibody
levels attained by the two groups, but this was statistically in-
significant (P>005). Only six out of 10 malnourished patients had
detectable levels of specific IgA antibody in nasopharyngeal wash-
ings (fig. 1), and the titres were significantly lower than those
in the controls (P<0-01). The first appearance of the secretory
antibody was delayed by one to three weeks compared with
findings in the contml group. Two patients had nasopharyngeal
IgG antiibody to poliovirus in low titres (1/1). All 10 healthy
children showed only IgA class of secretory antibodies.

TABLE II-Mean Serum Neutralizing Antibody Titres (Log-2) to Poliovirus
Type 1 after Single Oral Dose of Live Attenuated Vaccine in Malnourished and
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FIG. 2-Preimmunization and postimmunization measles IgA
antibody titres. o =Healthy children. *=Malnourished
children.

Discussion
aren erT7guesti .JarenAnesesonow v e U-osv r n'"vo' The data show that secretory antibody response to live attenua-Number Tested

ted measles and poliovirus vaccines is reduced in malnourished
Interval after Immunization (Weeks) children. Together with impairment of other immune reactions

0 1 2 3 4 6 8 it may explain the frequency and severity of infections in under-

<2(0/10) 2(3/9) 3 (5/9) 4-5 (7/9) 6(8/10) 7 (89) 6-5 (8/9) nourished populations. These observations may have wide
<2(0/10) 3(7/8) 4(6/6) 5(7/7) 7(10/10) 7-5 (7/7) 7(9/9) biological and clinical implications.

The reduction in nasopharyngeal IgA and impaired secretory
antibody response seem mostly to be selective since total protein

0 and albumin concentrations in the nasal washings from mal-
nourished children did not differ significantly from values in

0 00 healthy children. This would also point against the possibility
of rapid general proteolysis by enzymes in the secretions or an

00 00oo0 80o altered flow rate. There was no evidence of reabsorption of
secretory IgA since the serum did not react with antiserum
raised against secretory component.00 000 000 00

The origin, characteristics, and functions of secretory anti-
bodies have been extensively studied."7 Mucosal IgA antibody

/0 _ ................
O" 0

response correlates with protection and resistance in various
infections, and in some diseases it may be more important than

. serum antibodies. The impaired secretory antibody induction
A ik gm co 9 o as # safter immunization suggests that immunity after infections such

+ 2 4 b 8 as measles and gastrointestinal infections may be inadequate in
Weeks malnourished children. Recovery would be slower and in-
-Level of specific IgA antibody to poliovirus type 1 before complete, which would permit a severer illness. Measles is
ter single oral dose of live attenuated trivalent poliovirus particularly devastating in malnourished people and is associated
e. o=Healthy children. 0=Malnourished children. with high mortality. Furthermore, the lack of adequate local

response may permit more prolonged replication and shedding of
the virus, thereby increasing the period of contagiousness.

neutralizing antibodies were detected in the sera of all Preliminary data suggest that malnourished children who develop
abshed and healthy children (table III). Antibody levels measles may continue to have the virus in nasopharyngeal
)ara,ble in ,the two groups (P>O 1). There was a Sig- sertin fo ptsxwes
ifference in the frequencv of detection, time of first .
and litre of nasopharyngeal Ig,A antibody to measles Impaired clearance of the infective agent may lead to its

2). Secreotory antibody was found in samples of five out continued replication in the nasopharyngeal tissue. Reduced

ernourished patients and in seven out of eight controls. mucosal immunity may also permit systemic spread. This may
oody titre at all test periods - after immunization was partly explain the frequent occurrence of Gram-negative
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septicaemia in these patients. Bacteraemia occurring commonly
in malnourished children with impaired mucosal immunity
would stimulate systemic lymphoid tissues with resultant
hyperimmunoglobulinaemia, a common finding in such patients.

Poor secretory antibody response with good humoral response
may predispose to severe reactions when subjects are exposed to
the virus again. Administration of inactivated measles vaccine,
which elicits a poor antibody activity in nasopharyngeal secre-
tions, when followed by natural infection or administration of
live attenuated vaccine has resulted in severe local and systemic
reactions.'8 It has been postulated that antigenaemia in the
presence of high titres of serum antibody would induce immune-
complex formation. This may occur locally at the site of the
injection of vaccine or the lungs in the case of natural infection
or systemically. Some malnourished children who have ful-
minant fatal measles may have had a subclinical episode earlier,
which may have predisposed them to a severe illness via the
above pathogenetic mechanism. This may also be true of other
infections.
There is a high frequency of serum antibodies to common

food proteins in malnourished children.'9 Several factors may
contribute to the genesis of such food antibodies: malnutrition is
associated with a gross atrophy of the gut wall, the villous height
is reduced, and there is inflammatory cell infiltration in the
lamina propria; the permeability of the gut wall is increased;
and the pancreatic and other digestive enzymes are impaired.
These factors, together with reduced secretory antibody
response, may allow free passage of food proteins intact or
partially digested. The impaired function of the hepatic reticulo-
endothelial system would allow such antigens absorbed through
the portal circulation to bypass the phagocytic filter of the liver
and thus reach systemic lymphoid structures, which are stimula-
ted to form antibodies.

Immunodeficiency, especially IgA deficiency, is associated
with a high frequency of autoimmune disease and atopy.
Impaired exclusion of antigens at the mucosal level may
possibly lead to overstimulation of IgE-producing cells. In
the offspring of reaginic parents transient IgA deficiency is
associated with atopic disease in the child within one year of
birth.20 21 Adults positive on skin tests to Dermatophagoides
farinae and Timothy grass pollen had more IgE antibody and
less IgA antibody to the respective allergens compared with
controls negative on the skin test.22 It remains to be investigated
whether children who are malnourished early in life, including

those with low birth weights,23 24 and have poor secretory IgA
responseare more susceptible to atopic and autoimmune diseases,
though the design of such a study which would have to control
many other variables is obviously formidable.

Finally, our observations are relevant to the effectiveness of
immunoprophylaxis programmes. In underpriviledged popula-
tions with high incidence of malnutrition protection may be
inadequate. It remains to be seen whether malnourished children
given measles vaccine have any reactions when they encounter
natural virus later.

The study wa.s supported in part by a gramt from the World
Health Organization. I thank the many doctors and laboratory
-technicians who have helped and co-operated and Professors 0. P.
Ghai and V. Ramalingaswami for encouragement and permission
to report.

References
1 Chandra, R. K., in Progress in Immunology II, ed. L. Brent and J. Hol-

borrow, Vol. 4, p. 355. Amsterdam, North-Holland, 1974.
2 Chandra, R. K., Journal of Pediatrics, 1972, 81, 1194.
3 Harland, F. S. E. G., Lancet, 1965, 2, 719.
4 Geefhysen, J., et al., British Medical Journal, 1971, 4, 527.
5 Smythe, P. M., et al., Lancet, 1971, 2, 939.
6 Antia, A. U., McFarlane, H., and Soothill, J. F., Archives of Disease in

Childhood, 1968, 43, 459.
7 Seth, V., and Chandra, R. K., Archives of Disease in Childhood, 1972, 47,

282.
8 Selvaraj, R. J., and Bhat, K. S., American Journal of Clinical Nutrition,

1972, 25, 166.
' Chandra, R. K., Archives of Disease in Childhood, 1973, 48, 964.

10 Douglas, S. D., and Schopfer, K., Clinical and Experimental Immunology,
1974, 17, 121.

1 Passwell, J. H., Stewart, M. W., and Soothill, J. F., Clinical and Experi-
mental Immunology, 1974, 17, 364.

12 Chandra, R. K., Archives of Disease in Childhood, 1975, 50, 225.
13 Sirisinha, S., et al., Lancet, 1973, 1, 1016.
14 Ogra, P. L., New England J'ournal of Medicine, 1971, 284, 59.
15 Schmidt, N. J., in Diagnostic Procedures for Viral and Rickettsial Diseases,

ed. E. H. Lennette and N. J. Schmidt, p. 120. New York, American
Public Health Association, 1964.

16 Ainbender, E., et al., Proceedings of Society for Experimental Biology and
Medicine, 1965, 119, 1166.

17 Tomasi, T. B., jun., and Beinenstock, J., Advances in Immunology, 1968,
9, 1.

18 Buser, F., New England J7ournal of Medicine, 1967, 277, 250
1GChandra, R. K., Archives of Disease in Childhood, in press.
20 Stokes, C. R., Taylor, B., and Turner, M. W., Lancet, 19/4 , 485.
21 Taylor, B. W., et al., Lancet, 1973, 2, 111.
22 Chandra, R. K., Sharma, S., and Bhujwala, R. A., Indzan Journal of

Medical Research, 1973, 61, 93.
23 Chandra, R. K., Lancet, 1974, 2, 1393.
24 Chandra, R. K., American Journal of Diseases of Children, 1975, 129, 450.
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Summary

Heart rate variability and the changes in heart rate and
blood pressure which occur on standing were measured
in 21 diabetics. These simple measures distinguished four
groups of patients, with loss of parasympathetic activity
being commoner than loss of sympathetic activity.
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Introduction

The integrity of the autonomic control of the cardiovascular
system in diabetics can be studied by observing the heart rate
variabilityl and the effects of standing on heart rate and arterial
blood pressure.2 In early accounts of diabetic autonomic
neuropathy patients showed falls in systolic arterial blood
pressure accompanied by dramatic tachycardia.3 Since then
postural hypotension with variable degrees of tachycardia4-6
or postural hypotension with no change in heart rate7 have been
described.
No study of diabetics has related postural changes in blood

pressure to changes in heart rate over a period of time or
described variability in heart rate at rest and changes of heart
rate and systolic blood pressure induced by standing. We report
here our observations in diabetic patients, which help to clarify
some of the apparently contradictory earlier reports.


